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Some incredible progress has been made in 
Taiwan with even more remarkable invest- 
ments yet to come. What stands out in any 
overview of this dynamic country is the 
important role of epitaxy. Heterostructure 
CVD in particular, underpins virtually all of 
Taiwan expands 
capabil ities 
Taiwan must have the most concentrated manu- 
facturing capability in the world as far as elec- 
tronics are concerned.The breadth of interest 
in the newer compound semiconductor materi- 
als and devices is another distinguishing charac- 
teristic. For example, recent estimates for GaN 
epi reactors in Taiwan exceed 40*. However, 
there are some areas which so far appear to be 
less interesting to Taiwanese companies than 
others; these include high power diode lasers 
and solar cel1s.A list of representative compa- 
nies showing their product portfolios is given 
inTable 1. 
These companies are concentrated in two main 
areas - see sidebar.The first focus for advanced 
semiconductor companies was the Hsinchu 
Science-based Industrial Park.This is impressive 
enough but Taiwan also has a second in the 
southern part of the island.The Tainan Science- 
based Industrial Park which was set up just a few 
years ago to foster biotech has been as success- 
ful in attracting high-tech electronics companies. 
To some extent the two are in competition but 
such is the demand for land that a shortage may 
be in the offing. However, that may be offset by 
the construction of factories in China rather than 
in Taiwan. 
One of the trends inTaiwan, like in Japan and 
the West, is to exploit the advantages of having 
factories in China keeping R&D close to home. 
Its LED makers are already looking to mainland 
China.This will likely take the form of partner- 
ships for production, One of the first examples 
has been Opto Tech Corp., which has acquired 
a 50% share of China Semiconductor Corp., 
(CSC) the LED component assembler. CSC will 
the semi businesses that will be covered 
here, whether opto or RF, Ill-Vs or SiGe. 
The strategic plan continues with sights set 
on new technologies such as MEMS and 
self-assembled nano materials, to name but 
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be able to vertically integrate its downstream 
LED manufacturing especially for super-bright, 
green, and white LEDs. Securing very low cost 
production is going to be a major factor in the 
success of the expansion of the LED illumina- 
tion market. 
Taiwan has set it sights on several key market 
areasThese include both micro- as well as opto- 
electronic applications. For example, RFICs as 
well as diode lasers and LEDsTarget markets 
include mobile telecoms, optical data storage and 
illumination. Note, however, that in contrast to 
most western and Japanese companies, few prod- 
ucts are actually announced as standard products 
in the press, Most are for local use via OEM 
arrangements. 
The focus in the microwave is mainly for HBT 
based MMICs.Taiwan has leapfrogged the 
AlGaAs first generation HBT process in favour 
of the quaternaries.These are the heterostruc- 
ture technologies which also underpin the lead- 
ing edge of the opto component market. It is 
also worth mentioning that Taiwan is set to 
become a centre of manufacturing for SiGe 
RFICs which will complement and challenge 
several of the markets previously the domain of 
silicon or GaAs. More likely, however, it will 
serve to complement and augment the volume 
CMOS foundry business of such leaders as 
TSMC and UMC which already have announced 
their SiGe-related services. 
No overnight success 
Taiwan is, of course, not an overnight success 
as regards commercial III-V activities. Its 
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government’s grasp of the need for longer-term 
investment and patience is unique. It puts to 
shame some western nations’ short-term view 
on high technology. Moreover, it has an impres- 
sive academic record stretching across the 
Pacific where many students have learned well 
from western ways and put a special oriental 
spin on them. For example, Hexawave was 
founded in the early 1990s and the most recent 
blue laser was developed at ITRI only a few 
months ago. 
Outsourcing is going to play a key role in 
Taiwan’s future success.This is already 
the case in silicon which is now the 
world leader in this respect.Taiwan is headed 
towards becoming the location of choice 
for the next-generation of SiGe and related 
processes. 
There are of course some notable characteris- 
tics about the semi industry in Taiwan. Indeed 
such as been the growth that not all of the slots 
have been filled yet.This is particularly notice- 
able in the materials area. Perhaps this is a 
reflection of the origins of the business con- 
trasting with to the Western or Japanese model 
which saw petrochemical or mining companies 
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Table I. A list of the principal 
Mwanese companies show- 
ing their product portfolios 
and relative emphasis of opto 
or RF and their interest in 
GaN devices. 
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The epitaxy facilities of Kopin Taiwan include state-of the-art multiwafer production MOCVD 
reactors for high volume HBT epiwafers. 
diversifying into value added semiconductor 
materials. 
As yet not all of Taiwan’s companies are what 
might be termed ‘pure-play’ While some make 
devices, some also offer dice as well as epi- 
wafers. For the moment, unlike certain western 
models, no Taiwanese semi company as yet also 
makes equipment. For the most part they prefer 
to buy from West, the same as for materials.This 
will be familiar to readers of III-Vs Review 
which frequently reports such capital purchases 
even though very few materials orders make the 
headlines. 
Talking of epiwafers, there is as yet no pure-play 
epiwafer supplier for SiGe in Taiwan even 
though it is building a strong foundry presence 
already. Similarly, these silicon companies show 
little sign of diversification into III-Vs.The con- 
verse is equally noticeable.The companies tend 
to stay at what they know best - they may diver- 
sify from Si CMOS into SiGe or from III-V 
devices into epiwafers but so far there has been 
little cross-fertilisation.This is in contrast to 
western models which have seen such leaders 
as RFMD and Vitesse move sideways into sili- 
con. However, long-term given the likely merg- 
ing of III-Vs with silicon via SiGe for next-gener- 
ation lasers or solar cells Taiwan may well see 
some further changes. 
Similarly, as regards capital equipment 
purchasesTaiwan’s companies have been 
fortunate to be able to invest in more than 
one epitaxial growth technology. In Taiwan 
there are examples of device makers which rely 
on both MBE or MOVPE. In other cases, like in 
the West, there are those which rely on one or 
the other. 
So too some companies choose to be 
servers of the opto market only. Conversely, 
some are RF only. Increasingly, owing to the 
overlap of process technologies or perhaps 
because of changing market conditions, some of 
these companies have readjusted their strate- 
gies to include RF as well as opto or vice-versa, 
examples are given in the aforementioned 
tables. 
Today there must be over 50 compound semi- 
conductor related business with manufacturing 
of some kind in Taiwan. Opto dominates with 
so far only half a dozen companies in RFICs. 
The past year has seen more activity in 
opto with no new start-ups appearing in the RF 
III-Vs sector. 
This appears to have translated into a lot of 
business for Western equipment makers, espe- 
cially MOCVD and to a lesser extent MBE. So 
too with substrates.Taiwan’s factories would, if 
they were running full bore, amount to a Top 3 
consumer of substrates.What’s more they are 
less tied to local sourcing than some other 
regions.That is a simple fact of life because the 
gap that still needs to be filled inTaiwan is in 
substrates and related source materials. Despite 
the huge consumption of these source materials 
none of the companies on the island can turn 
to local sourcing. Until recently, no one had set 
up as a local maker of substrates, 
organometallics or dopants etc. 
An indicator of future trends is Crystalwise 
Technology Inc., a spin-off and partner of the 
Mechanical Industry Research Laboratories 
(MIRL) of ITRI, which is supplying oxide 
substrates to local opto and RF device 
manufacturersAfter two years’ cooperation 
with MIRL in R&D and pilot mass production, 
Crystalwise has emerged from ITRl’s Incubator 
Center and built a factory at Hukao, Hsinchu. 
Ready for mass production are sapphire, lithium 
tantalate, lithium niobate, and quartz materials. 
It is hoping to tempt chipmakers to buy locally 
and reduce dependence on Japanese and 
Western suppliers. 
For the next step, supported by the Ministry of 
Economic Affairs (MOES), MIRL is conducting a 
Science and Technology Development Project for 
thin film nano-scale processing on substrates 
using thick-film SO1 chips. 
Collaboration and contracts 
Taiwan is also looking to initiate new partner- 
ships with foreign companies. In October the 
National Science Council (NSC) stated that it is 
actively promoting closer technology coopem- 
tion between the island and several nations 
in Europe. 
For example, the Opto-Electronics and Systems 
Laboratories of ITRI (OES/ITRI) and AIXTRON 
Taiwan, Hsinchu, (see photo) are promoting co- 
operations in MOCVD technology for the 
Taiwanese Compound Semiconductor Industry 
(TCSI). It includes an Industrial Affiliation 
Program or other programs which offer industri- 
al or scientific partners in Taiwan, benefits from 
application oriented R&D by ITRVAIXTRON in 
Taiwan, education and training of students, scien- 
tists and engineers, and exchange of technical 
information. 
Elsewhere, Opto Tech has an agreement with 
Taiwanese compo%d semi- 
conductor industry 
Hewlett-Packard to supply fmished LEDs.As part 
of this order, Opto Tech shifted ‘relevant assem- 
bly services’ to China Semiconductor. Also in 
LEDs, Cree Inc., has several key Taiwanese 
accounts and via its distributor of LED products 
in Japan, Sumitomo Corp., it has worked with 
Advanced Epitaxy Technology Inc., to develop 
vertically conducting blue HB LEDs on GaAs. 
The story is similar for RF components with 
numerous Western companies now relying on 
Taiwan’s fabs for their volume requirements. 
This covers not only devices but also materials 
One of the first Western companies to set up 
actual manufacturing in Taiwan has been US 
company KopinThis has extensive facilities, 
see photo, for the volume production of 
epiwafers for HBT devices for leading edge 
RF components. 
Raytheon’s RF Components division transferred 
its InGaP HBT volume production to WIN 
Semiconductors home of Taiwan’s first Ginch 
GaAs foundry. Also, Conexant Systems, Inc., 
(now part of Skyworks) and Taiwan 
Semiconductor Manufacturing Company 
(TSMC) have a long-term cross-licensing wafer 
supply and technology agreement.TSMC licens- 
es advanced specialty RF process technology IP 
from Conexant for bipolar and SiGe BiCMOS 
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while in return it will provide Conexant with 
foundry capacity. 
Anadigics, Inc., has a deal withTaiwan’s Universal 
Communications Technology, Inc Anadigics trans- 
ferred its production RF test operation closer to 
its module assembly plant in SE Asia thus improv- 
ing efficiencies and further reducing local time 
to market. 
RFIC market analyst, Steve Entwistle of Strategy 
Analytics (Milton Keynes, UK) gave a presenta- 
tion on Asian manufacturing at the Gorham CS 
Outlook 2 Conference in Taipei recently. He 
offers cautious optimism for the future of 
Taiwan’s GaAs foundry offerings. On the one 
hand, he says, they have competitive strengths 
such as capacity for 4- and Ginch throughput 
and strong management teams. However, he 
points out that the foundry model they are 
applying is not prevalent in the analog silicon 
industry and limited standardisation of processes 
across existing GaAs integrated device manufac- 
turers could tell against them. Nevertheless, it is 
Taiwan’s way to be patient and this will be a key 
factor in the survival and success of any RFIC 
supplier in the upturn. 
f’a:ya; has great plans 
It would be inappropriate to end this overview 
without mentioning Taiwan’s ongoing efforts in 
the GaN arena.There is a clear trend that with the 
technical support of national laboratories and 
government financial aid,Taiwanese LED makers 
will soon become a force to rival any in the 
world for the manufacture of short wavelength 
emitter devices. In LEDs as well as lasersTaiwan 
has made a commitment to the market no less 
impressive than any of its previous undertakings. 
The underlying rationale is for Taiwan to move 
past Japan as the world’s biggest producer of 
super-bright LEDs. With probably the largest 
overall investments in MOCVD technology it has 
also built a complete supply network to support 
its LED industry In this way it has succeeded in 
reducing its dependence on Japanese technology 
and OEM production. 
As an example of this investment, United Epitaxy 
Co., Ltd., (UEC) plans to install 80 MOVCD pro- 
duction lines at its plant in theTainan Science- 
based Industrial Park.When complete this would 
make it the largest single epitaxy maker in the 
world with a monthly capacity of around 20 mil- 
lion colour LEDs 
In blue and white LEDs Taiwan’s manufacturers 
want to reduce their dependence on Japan. 
These are still being imported in millions from 
Japan and the USA but more and more local 
companies are gearing up for production. 
In December 2001, the OES of ITRI announced 
recently that they had successfully developed 
Taiwan’s first domestically made GaN diode laser. 
The target application for this device is for pick- 
up heads in high density DVD drives. 
OES has a long history of accomplishment in 
GaN device technologies. It has also developed 
new packaging and fabrication technologies for 
GaN blue and UV LEEDS. Its objective is to assist 
local device makers along the way to the key 
illumination and data storage markets.When it 
showed off these new technologies at an exhibi- 
tion last year it drew more than a hundred visi- 
tors from over 60 companies confirming the 
national interest in what will become the next 
step in the emitter product family. 
Of those chip-makers, Hsinchu-based Advanced 
Epitaxy Technology is amongst the first to devel- 
op new wafer bonding technology. It has 
revealed a process to bond GaN-based LEDs to 
GaAs with high yield. Called, ‘Virtual-chip 
Bonding’ by removing the original sapphire sub- 
strates, vertically conducting blue LEDs on GaAs 
can be achieved.These have smaller die size and 
because they need only a single bonding wire 
they can be made more reliable and in higher 
yield and therefore cheaper. 
To illustrate the commitment with other compa- 
nies you only have to look at the equipment pur- 
chases being made from companies like Aixtron 
AG or Emcore Corp., the two principal suppliers 
of such systems to Taiwan. 
Aixtron has many customers in Taiwan - recent 
representative examples include LED Expert 
Corp. (Ledex) which has an AIX 260063 HT 
MOCVD reactor to mass-produce GaN-based 
material and to ramp up its capacity for 
GaN-based HB blue and green LED chips. 
MeanwhlleJrima Optoelectronics Corp., has an 
AIX 2000HT and 2400G3HT system to expand its 
existing production capacities for nitride-based 
UHB LEDs. 
Emcore Enterprise 300 GaNzilla MOCVD tool 
customers in Taiwan include South Epitaxy 
Corp., and UEC for HB blue and green LED pro- 
duction. LED Expert Corp., achieved a ‘break- 
through’ in its blue LED production program 
using EMCORE D180 SpectraBlue reactors. 
Operating with three SpectraBlue systems, it was 
able to advance LED manufacturing technology 
to enable consistent growth of 60 mcd blue 
HBLEDs, a milestone for the company. 
Looking to the next phase 
In early 2002,Taiwan’s Industrial Development 
Bureau ODB) under the Ministry of Economic 
Affairs selected twenty key technologies and 
products for strategic development. Compound- 
related technologies figure prominently amongst 
these. Six types of precision electronic devices 
were added, and in opto IDB added live new 
items: EDFAs, opto-sensitive Bbres, opto-circula- 
tors,AWGs, and flat waveguide inductors. Other 
items included LEDs, epi for lasers, >3W white 
LED for illumination. 
Also, ITRI is mapping out an R&D program on 
nano-optical communication technologies, espe- 
cially for items such as photonic crystals, long 
wavelength quantum dot lasers and nonlinear 
optical materials. It has set R&D target on ter- 
abyte data storage technology development. 
Certainly,Taiwan’s strategic plan to shift away 
from assembly of computers to device making 
has been very successfuLThe question remains, 
however, as to the timing in a marketplace 
where supply currently exceeds demand. One 
thing is certain, however, going on its past record 
Taiwan’s factories will be offering hard-to-beat 
products when the upturn comes. Not only in 
price but also on technical terms. 
The Taiwanese players have clear ideas as to their 
strategic direction and look set to enjoy the bene- 
fits of a like-minded national desire to build on 
success. Couple this with a strongly supported 
apparently cohesive program of research and the 
country looks unbeatable. But like its counterparts 
in the West it too is having to look to refocus on 
its core specialties and move mass production of 
certain high volume lines to mainland China so as 
to reassert its full competitiveness.Taiwan is going 
to continue to be a land of surprise and change so 
it is well worth keeping an eye on. 
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